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Abstract 
After in situ baking, Non-evaporable getter (NEG) alloys are able to pump most of the gases present in ultra-high vacuum 
systems. Titanium-Zirconium-Vanadium (TiZrV) NEG films, which exhibits the lowest activation temperature, have been 
deposited on the inner wall of a stainless steel pipe via DC magnetron sputtering. Characterization of TiZrV, including pumping 
performance, photon stimulated desorption (PSD) and secondary electron yield (SEY) have been carried out. A brief summary of 
the results is given as follows. 
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1. Introduction 
Surface outgassing from the walls of the vacuum chambers induced by bombardment is the main obstacle to 
achieve ultrahigh vacuum (UHV), which is required for particle accelerators. Coating non-evaporable getter (NEG) 
films onto the inner wall of vacuum chambers is an effective solution [1]. After in situ baking, these films provide a 
large pumping speed and result in a very low static and dynamic pressure. Additionally, the clean surface of NEG 
reduces the secondary electron, photon and electron stimulated desorption yields (SEY, PSD and ESD) significantly 
[2-4]. 
Among the many NEGs, TiZrV exhibits the lowest activation temperature (about 180°C for a 24 hours heating) 
[5] and thus have been applied in some high energy machines and synchrotron radiation facilities, such as LHC [6], 
ESRF [7], and SOLEIL [8]. Studies on the preparation and characterization of TiZrV films including pumping 
performance, PSD and SEY have been carried out in Hefei Light Source (HLS) and a brief summary is given as 
follows. 
2.  Coating 
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Fig. 1 Setup for TiZrV deposition system Fig. 2 Schematic diagram for pumping 
performance measurement 
The DC magnetron sputtering system is shown in Fig. 1. The chamber to be coated is connected to an auxiliary 
chamber by conflat flanges. High purity argon is introduced into the system via a leak valve. An oil-free turbo 
molecular pump (TMP) group is used as pumping system. The cathode is obtained by twisting together Ti, Zr and V 
wires (ĭ2 mm, 99.9/99.5/99.5% of purity). A ceramic plate is attached to the lower end of the cathode to keep it 
insulated and concentric with the chamber. Silicon and stainless steel samples are mounted inside the chamber for 
evaluation of film thickness, morphology and composition. The magnetic field is generated by a coaxial solenoid 
coil, which can generate fields up to 300 Gauss.  
The sputtering parameters are adjusted to ensure the stability of the discharge during deposition. The typical 
sputtering parameters for our equipment are: 2-Pa Ar pressure, 150-Gauss solenoid field, 500-V cathode voltage, 
100-mA sputtering current and 8-hour deposition duration. 
3.  Experimental apparatus for characterization 
3.1 Pumping performance 
A conductance aperture (ĭ5 mm) divides the system into two parts: the upper and the lower, as shown in Fig. 2. 
Test gas (CO and H2) is introduced into the system via a leak valve above the test chamber. The system is pumped 
by a TMP group. The pressures above (P1) and below (P2) the aperture are measured with extractor gauges. 
The procedure for baking and activation presented in Ref. [9] is adopted. The measurements are carried out after 
the chamber cools down to ambient temperature. The calculating process of pumping speed S and capacity Q is 
described in detail in Ref. [10]. 
3.2 Photon stimulated desorption 
Fig. 3 Setup for PSD measurement 
The conductance method is used to measure the PSD yield of TiZrV coated chamber. The setup is shown in Fig. 
3. The incident angle of the synchrotron light is set to 1.67 mrad by a square orifice (7.8×7.8 mm) in the center of 
the mask. The bellow adjacent to the coated chamber is adjusted so that all the photons through the mask impinge on 
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the inner wall of the test chamber. The gas flux desorbed during the irradiation is measured through a conductance 
aperture with a diameter of 20 mm. Pressures in the system are monitored by extractor gauges on both sides of the 
aperture. The gas composition is measured by a quadrupole mass analyzer mounted between the coated chamber and 
the aperture. The system is pumped by sputtering ion pumps (SIP) of 400 L/s arranged along the beamline. 
 3.3 Secondary electron yield 
Zero retard method [11] is adopted to measure the SEY of TiZrV. 
The symbols Ip, Is and It in Fig. 4, denote the primary electron current 
which impinges on the surface of the sample at normal incidence angle 
with the energy ranging from 50 to 2900 eV, the secondary electron 
current leaving the target and the total current measured on the sample 
(It˙IpˉIs), respectively. SEY (ı) is determined by measuring Ip and It 
in sequence. Ip is measured by biasing the sample at +150 V to force all 
emitted secondaries to return to the surface. Then It is measured by 
biasing the sample at -20 V to repel most secondaries from adjacent 
parts of the system, which are excited by the elastically reflected 
primary electrons. The value ı is calculated using ı˙1ˉItˋIp. 
4. Results and discussion 
 4.1 Pumping performance 
The pumping speeds for CO and H2 as a function of the quantity of the pumped gas, after baking at 200°C, 250°C, 
300°C for 24 hours and at 300°C for 12, 24 hours, are shown in Fig. 5 and 6 respectively. After heating at 200qC for 
24 hours, the initial pumping speed and capacity for CO and H2 normalized by the TiZrV-coated area are 0.23 Lǜs-
1ǜcm-2, 0.02 Lǜs-1ǜcm-2 and 6.8×10-5 PaǜLǜcm-2, 6.6×10-2 PaǜLǜcm-2 respectively. As the quantity of the pumped gas 
increases, the pumping speed decreases gradually. The pumping performance can be enhanced by increasing the 
activation temperature and duration, as shown in Fig 5 and 6. 
 
 
 
Fig. 5 Pumping speed of TiZrV vs. pumped gas for (a) CO 
and (b) H2, after baking at 200°C, 250°C and 300°C for 24 
hours respectively 
Fig. 6 Pumping speed of TiZrV vs. pumped gas for (a) CO 
and (b) H2, after baking at 300°C for 12 and 24 hours 
respectively 
Fig.4 Schematic diagram for SEY measurement 
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4.2 Photon stimulated desorption 
The PSD yields (Ș) are summarized in Table 1. The values for the residual gases, including H2, CO, CO2, H2O, 
O2, CH4 and Ar, are on the order of 10-4~10-3 initially, and decrease as the photon dose increases except H2O. After 
heating at 200qC for 24 hours, the values decrease to 10-5~10-4 for stainless steel and 10-6~10-5 for TiZrV. Heating 
treatment can thermally desorb the gases adsorbed on the surface of the chamber and lead to the decrease of Ș 
consequently. As regard to TiZrV, besides thermal desorption, surface contaminants such as oxygen and carbon will 
diffuse into the bulk during baking process and clean surface can pump the residual gases in the chamber, which 
result in greater decrease of Ș than stainless steel. 
Table 1 PSD yield of stainless steel chamber and TiZrV coated chamber 
gas 
Ș (molecules/photon) 
Stainless steel chamber TiZrV coated chamber 
Initially After 2.13×1020 photons After activation Initially After 7.02×1020 photons After activation 
H2 1.93E-3 2.93E-4 1.26E-4 3.82E-3 1.48E-4 <1.73E-5
CO 4.24E-3 1.15E-3 4.19E-4 7.46E-3 4.21E-4 <2.39E-5
CO2 3.22E-3 7.45E-4 2.16E-4 7.63E-3 2.78E-4 <5.07E-6
H2O 4.46E-4 8.90E-4 1.58E-5 1.55E-3 3.80E-4 <4.39E-6
O2 2.15E-4 5.74E-5 1.27E-5 4.28E-4 6.69E-5 <6.30E-6
CH4 8.04E-4 1.41E-4 7.32E-5 1.81E-3 2.53E-4 <2.50E-5
Ar 6.49E-4 1.45E-4 6.34E-5 8.85E-4 6.13E-5 <4.08E-6
 4.3 Secondary electron yield 
The SEY of TiZrV increases with the incidence electron energy, 
reaches a maximum (ımax) at approximately 250 eV and then drops 
down, as shown in Fig. 7. The ımax values for the NEG “as 
received” and after a thermal treatment at 200qC for 2 hours are 
2.03 and 1.55 respectively. The SEY for the NEG “as received” is 
high due to the presence of the passivation layer and contaminants 
such as water vapour on the surface. The passivation layer and 
contaminants are removed after the heat treatment and the SEY 
decreases consequently.  
The ımax after heat treatment obtained here is higher than that in 
Ref. [2]. It may result from the recontamination of the gas desorbed 
from the sample and particularly the sample holder during heating. 
Therefore an improvement for the heater is required, so that the 
desorption from the sample holder during heating can be 
eliminated. 
5. Summary 
Preparation and characterization of TiZrV film have been researched in HLS. The results show that coating TiZrV 
film onto the inner wall of vacuum chamber can reduce the gas load and thus improve the vacuum effectively. On 
that basis, a 3-m long vacuum chamber of HLS has been coated and installed to test the pumping behavior under the 
real accelerator circumstance.  
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Fig. 7 SEY of TiZrV film as received and after 2 hours 
heating at 200qC as a function of incidence electron 
energy 
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